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Abstract
This paper reports on the synthesis and characterization of cross-linked chitosan products prepared from using crab, shrimp 
beads and ten different cross-linked polymers which includes; glutaraldehyde, formaldehyde, epichlorohydrine, maleic anhy-
dride, p-benzoquinone, poly (ethylene) glycol diglycidyl ether (PEG diglycidyl ether), 1-vinyl-2-pyrrolidone, 1,3-dichloroa-
ceone, acrylic acid and s-methyl-benzylamine. Characterization of the cross-liked chitosan products was done using Fourier-
transform infrared spectroscopy (FTIR) and scanning electron microscope (SEM) to determine the structural morphology and 
the stretching frequencies of the products. The obtained FTIR stretching frequencies of the cross-linked chitosan products 
were matched against the starting material and the literature values to confirm the products. SEM analysis showed mixtures 
of regular and amorphous products. Different percentage yields (crab, 26–98% and shrimp, 30–88%) were obtained for the 
cross-linked chitosan products depending on the cross-linked polymer used.
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Introduction
The vast development of modern industries has led to the 
continuous contamination in to the water bodies. With 
respect to the characteristic of the above water pollution, it 
is well known that there is an increase of heavy metals con-
tamination in to the water bodies such as lakes, stream, riv-
ers, etc. [1–3]. Conventional wastewater treatments such as 
chemical precipitation and coagulation-flocculation systems 
using inorganic flocculants, activated carbon, synthetic poly-
mers or natural biopolymers has been used in the purification 
of wastewater. Although these techniques have been applied 
in different fields, their usage has been limited mainly due to 
the cost associated in running the technique. The adsorption 
techniques has of recent become the method of choice in 
purifying wastewater due to its low cost and high adsorption 
capacity (86 to 800 mg/g [4, 5]). The use of cross-linked 
chitosan products in wastewater management has increased 
over the recent times due to the availability of the starting 
material (chitin in mussel, oyster, crabs, etc). Cross-linked 
chitosan products such as the B-(1–4)-2-amino-2-dexoy-d-
glucopyrose formed from the deacetylation of chitin has the 
advantage of being environmentally friendly, biodegradable, 
inexpensive, non-toxic, hydrophilic and biocompatible [6]. 
These unmatched qualities have resulted in these polymers 
used in biotechnology, food and cosmetics industries [7, 
8]. The cross-linked chitosan has a significant adsorption 
capacity, due to the formation of bonds at the absorption 
sites [9, 10]. Some of the most commonly used cross-linking 
agents includes glutaraldehyde, epichlorohydrine and eth-
ylene glycol diglycidyl ether which are widely used for the 
recovery of various organic pollutants from wastewater [11, 
12]. Starch is hydrophilic, a major constraint that limits its 
development to starch-based wastewater purifying material 
(Crini, 2005) [4]. Reported effects of cross-linking chitosan 
includes decrease in adsorption capacity and solubilisation 
[13–15]. However, these structural modifications of the chi-
tosan through cross-linking have also been shown to enhance 
the polymer’s metal removal properties and improve poly-
mer framework and stability in acidic environments. It was 
therefore decided to synthesize different cross-linked chi-
tosan products that could be potentially used in the purifica-
tion of the wastewaters from the abattoirs. The objective was 
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to synthesize different chitosan products and characterize 
them using various spectrometric techniques (Fig. 1).
Methodology
Materials
Crab and shrimp chitin (500  g, avg. composition: pro-
tein = 2.4 and 1.2%, moisture 7.5 and 8%, ash content = 15 
and 2%), crab and shrimp shell chitosan (500 g, degree of 
N-deacetylation = 92 and 90%, Mw = 165 and 160 kDa, vis-
cosity = 169 and 69 cps respectively), starch vitex (500 g), 
glutaraldehyde (25%), formaldehyde (96%,), 1-vinyl-2-pyr-
rolidone (98%), p-benzoquinone (98%), Acrylic acid (99%), 
Maleic Anhydride (99%), 1,3 Dichloroacetone (95%), (s)-
(−)(α)-methylbenzylamine (98%), (±)-Epichlorohydrine 
(99%), poly(ethylene glycol) digylcidyl ether (96%) were 
purchased from Kapikapa International Tuticorin, India.
Instrumentation
Fourier Transform Infrared Spectroscopy (FTIR)
Fourier transform infrared spectra model, Thermo Scien-
tific Nicolet (6700 FTIR) was used for the characterisation 
of all solid products. All the samples were prepared using 
potassium bromide as pellets. Sample spectrum was col-
lected from 64 repetition scans and the resultant scans 
were base line corrected and the final peaks labelled. All 
the infrared spectra were plotted over the frequency range 
of 4000–400 cm−1.
Scanning Electron Microscope (SEM)
The surface morphologies of the dried chitosan were 
observed using a scanning electron- microscope (model 
JSM-7800F, United Kingdom). The electron micrographs 
were taken with an acceleration voltage of 25.0 kV. Pic-
tures of the specimens were taken at different magnifica-
tion depending on the sample.
General Lab Ware and Laboratory Practice
All the weight measurements were done on a Shimadzu 
Analytical balance (AW320) and a digital hotplate 
(H3760-HS) was used for heating and stirring the reac-
tion mixtures. Grade A-type Schott Duran beakers, round 
bottom flasks and plastic Pasteur pipettes with high accu-
racy values (± 0.01 mL) were used to dispense accurate 
volumes of reagents. Appropriate handling of chemicals, 
reagents, standards and solutions were strictly adhered to 
in order to avoid cross contamination and to ensure qual-
ity assurance of all analytical results. Contamination of 
glassware was avoided by soaking them in freshly prepared 
10% v/v  HNO3 for at least 48 h and finally washed them 
with deionised water prior to use.
Methods
Synthesis of the Crab and Shrimp Chitosan Bead
An aqueous solution of chitosan was prepared separately 
by dissolving crab or shrimp chitin (2 g, 0.131 mmol) in 
acetic acid (200 mL, 1%) at ambient temperature for 24 h 
until a highly viscous solution was obtained. To this solu-
tion, NaOH (2%) was added dropwise whilst stirring to 
yield heterogeneous mixtures. The mixtures were filtered 
and washed with copious amount of distilled water and 
dried at room temperature. The white products (98 and 
Fig. 1  Flow diagram of the synthesis and characterization of the chi-
tosan derivatives products
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88% respectively) obtained and visually analysed using 
SEM and characterized using FTIR spectroscopy (Fig. 2).
General Synthesis of Crab and Shrimp Chitosan-Starch 
Derivatives
All synthesis procedure follows the same method, except or 
otherwise stated.
Separate glass vessels, two sets of solutions of gluta-
raldehyde, formaldehyde, epichlorohydrine, acrylic acid, 
1-vinyl-2-pyrrolidone, glutaraldehyde, poly (ethylene) gly-
col diglycidyl ether, s-methyl-benzylamine, p-benzoqui-
none, (8 mL) were added to acetic acid solution (100 mL; 
1%) and stirred for 15 min until a homogeneous solution 
was obtained. In one set of solution, powdered crab chi-
tosan and in the other chitosan shrimp (2 g; 0.131 mmol) 
and starch (1%) were added to the respective solutions. 
The resultant mixtures were stirred at ambient temperature 
for 24–48 h until a brownish viscous solution was formed. 
Drops of NaOH solution (2%) were added to neutralize the 
acidic solutions. The mixtures were filtered, dried at room 
temperature (Table 1) and characterized using SEM and 
FTIR (Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10).
Synthesis of Chitosan-Starch Cross-Linked 1, 
3-Dichloroacetone and Maleic Anhydride
A mixture of acetic acid solution (100 mL; 1%) with starch 
(1%) was added to a powdered crab chitosan and chitosan 
shrimp (2 g; 0.131 mmol). The mixtures were stirred for 
15 min until a homogeneous solution was obtained. Solu-
tions of 1,3-dichloroacetone and maleic anhydride (8 mL) 
in acetone (10 mL) respectively in ice cold bath were 
slowly (10 min) added and thereafter left at room (8 h) 
until viscous solution were formed. Addition of acetone 
allowed the precipitation of the solid product which was 
filtered and dried at room temperature (Table 1). The prod-
ucts were visually analysed using SEM and characterized 
using FTIR (Figs. 12, 13).
Fig. 2  Scanning electron microscope images and FTIR spectrum of crab and shrimp chitosan products
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Results and Discussion
Preparation of Crab and Shrimp Chitosan Products
The crab and shrimp chitosan products were prepared 
using the method described by Li and Abudularim et al. 
[16, 17]. Different cross-linkers such as glutaraldehyde, 
formaldehyde, epichlorohydrine, acrylic acid, 1-vinyl-
2-pyrrolidone, glutaraldehyde, poly (ethylene) glycol 
diglycidyl ether, s-methyl-benzylamine, and p-benzo-
quinone were used. Cross-linkers possessing a variety 
of functional groups that are known and have the poten-
tial to adsorb heavy metals were selected. Viscous gel- 
like mixtures were obtained from the reaction mixtures 
which the product was precipitated through the addi-
tion of a base (NaOH) or acetone like in the case of 1,3 
dichloroacetone and maleic anhydride cross-linkers. The 
yield of cross-linked chitosan products range between 26 
and 98% with the crab chitosan linked to maleic anhy-
dride and glutaraldehyde showing the least and the high-
est yields respectively. The product formation stoichiom-
etry was based on the assumption that two monomer of 
the chitosan will combine with one monomer of starch 
and more monomer of the cross-linked. This assumed no 
self-polymerization of the cross linker occurred. Equa-
tion 1 and Fig. 11 shows the stoichiometric ratio showing 
the number of cross-linkers used to obtain the chitosan-
starch cross-linked polymers.
(1)
2chitosan + starch + cross-linker





Fig. 3  Scanning electron microscope images and FTIR spectrum of crab and shrimp chitosan starch cross-linked glutaraldehyde
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Analysis of Physiochemical Parameters of Crab 
and Shrimp Chitosan and Chitosan‑Starch 
Derivatives
Crab and Shrimp Chitosan via Deacetylation of Chitin
Synthesis of crab and shrimp chitosan was achieved through 
deacetylation of the respective chitin products. Higher per-
centage yields for chitosan crab (98%) compared to chitosan 
shrimp (88%) were obtained. The SEM images of crab 
chitosan revealed a mixture of small and large spherical, 
cub-like structure which appeared amorphous whilst the 
shrimp chitosan appeared flake with small particles appear-
ing closely-packed at higher magnification (× 15,000). FTIR 
analysis of the crab chitosan powdered products showed 
prominent peak at 3375 cm−1 which corresponds to OH 
stretching. Methyl group present in  NHCOCH3, methylene 
group in  CH2OH and methylene group in pyranose ring, 
indicate the appearance of the corresponding peaks in the 
range 2923–2870 cm−1 respectively. Then band at 1630 cm−1 
is due to the CO stretching of the amide group, the band at 
1500 cm−1 correspond to the NH bending vibration in amide 
group, suggests effective deacetylation of chitin. A small 
band observed at 1310 and 1280 cm−1 are due to the  CH3 in 
 NHCOCH3 group and CH in pyranose ring complex vibra-
tions of NHCO group and the band at 1050 cm−1 is due to 
CO stretching vibration. The bending at vibration CO in the 
ring CH at 762 cm−1 represent β linked chitosan molecule 
(Zvezdova, 2010).
Characterization of chitosan shrimp using FTIR, strong 
band was observed ranging from 3200 to 3700 cm−1 due 
to the  NH2 and OH associated in the primary amine group 
stretching vibrations. The presence of methyl group in 
 NHCOCH3, methylene group in  CH2OH and methylene 
group in pyranose ring was proved by the corresponding 
stretching vibrations range 2870 and 2340 cm−1 respectively. 
The bands between the ranges of 1651–1558 cm−1 describe 
vibrations of CO bonds of the amide group RNHCO (sec-
ondary amide at 1657 cm−1). Bending vibrational stretch 
of  CH2 groups attributed to the bands formed at 1421, 
Fig. 4  Scanning electron microscope images and FTIR spectrum of crab and shrimp chitosan starch cross-linked formaldehyde
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1379 and 1389 cm−1. The absorption bands in the range 
1160–1000 cm−1 are related to stretching vibrations of CO 
groups. The small peaks occurring at 647 and 610 cm−1 as 
a result of the bending vibration of NH and OH, relates to 
wagging of the polysaccharide morphology of chitosan. 
These are seen out of the chitosan plane (Zvezdova, 2010).
Zvezdova, 2010, confirmed the presence of crab chi-
tosan having prominent peaks occurring in the region at 
3425 cm−1, which corresponds to OH stretching, while the 
band at 2921 cm−1 correspond to the methylene group in 
 CH2OH. However, the band at 1630 cm−1 is present because 
of the CO stretching of the amide group while on the other 
hand the band occurring between 1656–1628 cm−1 corre-
spond to NH bending vibration in amide group. The occur-
rence of small bands around 1257–1380 cm−1 correspond to 
 CH3 in  NHCOCH3 group and CH in pyranose ring complex 
vibrations of NHCO group The COC glycosidic linkage is 
represented at the bands 1158 cm−1, 1154 cm−1 correspond 
to the COC glycosidic linkage.
The band 1099 cm−1 (CO) is present there because of 
the secondary OH group while 1027 is in the primary 
OH group. The bending at vibration CO in the ring CH 
at 894 cm−1 pyranose ring skeletal vibrations while 665 
and 603 cm−1 where out of the plane. The shrimp chitosan 
product revealed a strong peak in the region of 3424 cm−1 
which correspond to the OH group. The presence of meth-
ylene group in  CH2OH was confirmed by the correspond-
ing stretching vibration in the region of 2879 cm−1. The 
shoulder band in the region of 1667–1597 cm−1 is due to 
the presence of the CO in  NHCOCH3 group. Small bands 
around 1257–1380 cm−1 correspond to  CH3 in  NHCOCH3 
group and CH in pyranose ring complex vibrations of 
NHCO group. The bands at 1152 cm−1 correspond to the 
COC glycosidic linkage. The band 1093 cm−1 (CO) is pre-
sent there because of the secondary OH group while this 
1035 cm−1 is in the primary OH group. The bending at 
vibration CO in the ring CH at 897 cm−1 pyranose ring 
skeletal vibrations while 664 and 614 cm−1 where out of 
the plane.
Fig. 5  Scanning electron microscope image and FTIR spectrum of crab and shrimp chitosan-starch cross-linked epichlorohydrine
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Crab and Shrimp Starch (CT-ST) Cross-Linked 
with Glutaraldehyde
The crab and shrimp chitosan starch cross-linked with glu-
taraldehyde yielded 98 and 72% respectively. SEM analysis 
of the products showed an irregular shape of both products. 
The FTIR analysis of crab chitosan-starch cross-linked with 
glutaraldehyde and crab chitosan show that, OH stretch-
ing peak of chitosan (A1) and chitosan product (A2) are 
removed from 3375 to 3360 cm−1 whereas the  CH2 group 
is shifted from 2870 to 2860 cm−1. A symmetrical peak 
was obtained at 2930 cm−1, an indication of the  CH2 group, 
which not present in the starting material crab chitosan. 
An absence of peaks within the region 1740–1720 cm−1 
shows an addition of amount of glutaraldehyde to the beads 
solution reacted completed with the chitosan and starch. 
The observed change obtained in bond cleavage has been 
assessed from comparative augmentation and decreases 
in the intensity of the band linked to the functional groups 
present in bead. The corresponding band to amino group 
is shifted from cross-linked crab chitosan to normal crab 
chitosan shifted from 1630 to 1640 cm−1 is an indication 
that, the presence of interaction between the hydroxyl group 
of starch and the amino group of chitosan. It is observed 
that the intensity of wave number 1133 cm−1 reduces when 
chitosan-starch beads is cross-linked with glutaraldehyde. 
The reduction of intensity shows the bond cleavage in the 
reaction, even though a precise and accurate confirmation 
of the chitosan-starch product could not be established by 
this. When shrimp chitosan is blend with starch in presence 
of glutaraldehyde as cross-linking agent, the corresponding 
band to amino group of chitosan is shifted from 1651 to 
Fig. 6  Scanning electron microscope image and FTIR spectrum of crab and shrimp chitosan starch cross-linked with acrylic acid
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1655 cm−1, which is an indication of the presence of inter-
action between the hydroxyl group of starch and the amino 
group of chitosan. Cross-linking of the chitosan and starch 
with glutaraldehyde (B2), OH stretching peak shifted 3414 
to 3345 cm−1 while the  CH2 group shifted from 2889 to 
2879 cm−1 and from 2338 to 2335 cm−1 respectively. The 
amino peak of chitosan shifted from 1571 to 1639 cm−1 with 
addition of starch. The result of this analysis showed that, 
the interactions were present between the hydroxyl groups 
of starch and the amino groups of chitosan. There is absence 
of the peaks in the region 1740–1720 cm−1 which indicates 
that the addition of an amount of glutaraldehyde to the beads 
solution reacted completed with the chitosan and starch. 
The observed change in bond cleavage was estimated from 
the relative augmentation or reduction in the intensity of 
the band corresponding to the functional groups present in 
the bead. When the chitosan-starch beads are cross-linked 
with glutaraldehyde, there is a reduction of the intensity 
of the wave number 1110 cm−1. The reduction of intensity 
indicates the cleavage in the reaction, even if a precise and 
accurate confirmation on the chitosan-starch product could 
not be established by this (spectrum B2). A direct compari-
son of the chitosan cross-linked spectrum and the conven-
tional chitosan spectrum from shrimp (B1), the following 
are differences are single out: A broad and strong band were 
observed ranging from 3200 to 3700 cm−1 (stretching vibra-
tion of OH and stretching vibration of NH). The peak located 
at 1651 cm−1 is characteristics of CO in amine group and 
finally, the band at 1514 and 1558 cm−1 correspond to the 
NH bending vibration in amide group.
Crab and Shrimp Chitosan Starch (CT-ST) Cross-Linked 
with Formaldehyde
In the case of cross-linked with formaldehyde, the estab-
lished empirical obtained results of the yield for crab chi-
tosan-starch was 69% which higher than the conventional 
shrimp chitosan starch cross-linked formaldehyde which was 
65%. The scanning electron microscope of crab chitosan-
starch cross-linked formaldehyde under low magnification 
Fig. 7  Scanning electron microscope image and FTIR spectrum of crab and shrimp chitosan-starch cross-linked 1-vinyl-2-pyrroidone
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(× 100), has a crystalline structure showing a small blocks 
of filament which are closely packed together. In the case of 
shrimp chitosan-starch cross-linked formaldehyde at lower 
magnifications (× 300), a micro-structure with similar shape 
of large globules cube-like structures with small and low 
surface was observed, nonetheless, slightly different parti-
cles sizes, without any significant change in homogeneity 
were perceived.
The FTIR spectra of crab cross-linked bead (C2) is 
slightly similar to that of the initial crab chitosan (C1). The 
corresponding band to the amino group of chitosan is shifted 
from 1630 to 1668 cm−1, an indication of the presence of 
interaction between the hydroxyl group of starch and the 
amino group of chitosan. In the process of cross-linking 
with formaldehyde, a peak was observed at 1668 cm−1 is 
because of the carbonyl stretching vibration of remaining. 
A prominent peak was shown at 1502 cm−1 (Fig. 4 (C2)) 
which is due to the imine bonds (CN) formed by cross-
linking reaction between amino groups in the chitosan and 
aldehyde group in formaldehyde. The characteristics peak 
assures the formation of Schiff base after the reaction of 
formaldehyde with chitosan. The peak of the ether group 
(C2) becomes stronger and shifted slightly from chitosan 
to cross-linked chitosan, 1058–979 cm−1 (C2) indicates the 
formation of a new opened chain ether linkage in the bead 
after cross-linking reaction. A comparison of this spectrum 
to the chitosan beads (C1) from crab shell the following 
differences can be presented: The characteristic peaks are 
situated at 337 cm−1 indicating the stretching of OH and 
NH; the absorption bands at 2340 and 2870 cm−1 are repre-
sented by  CH2 group stretching vibration; the peak situated 
at 1630 cm−1 is due to the CO stretching of the amide group, 
while the band at 1500 cm−1 corresponds to the NH bending 
vibration in amide group.
Fig. 8  Scanning electron microscope image and FTIR spectrum of crab and shrimp chitosan-starch cross-linked with poly ethylene glycol dicg-
lycidyl ether (PEG digylcidyl ether)
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In this case also, the FTIR spectrum of cross-linked (D2) 
has some similarities with that of the initial shrimp chitosan 
(D1). The corresponding band to the amino group of the 
chitosan was shifted from 1651 to 1658 cm−1, an indica-
tion of the presence of interaction between the OH group 
of starch and  NH2 group of chitosan. While cross-linking 
with formaldehyde, the peak obtained at 1658 cm−1 is due to 
the stretching of carbonyl vibration of remaining acetamide 
group in chitosan, while the peak at 1514 and 1511 cm−1 
are due to imine bonds (CN) constructed via cross-linking 
reaction between amino groups in chitosan and aldehyde 
group in formaldehyde. The Shiff base after the reaction 
of formaldehyde with chitosan was confirmed with charac-
teristics peaks. The peak of the ether group (D2) becomes 
stronger and shifted slightly from 1029 to 1027 cm−1 which 
suggests that the formation of a new open chain ether link-
age in the bead after cross-linking reaction. The following 
difference are observed when comparing the cross-linked 
chitosan spectrum (D2) to the chitosan beads from shrimp 
shell (D1): A broad and strong band was observed ranging 
from 3200 to 3700 cm−1 (stretching vibration of OH and 
stretching vibration of NH); the peak located at 1651 cm−1 
is the result of CO in amine group and lastly, the band at 
1514 cm−1 and 1558 cm−1 indicates the NH bending vibra-
tion in amide group (see spectrum D1).
Crab and Shrimp Chitosan Starch (CT-ST) Cross-Linked 
with Epichlorohydrine
In the case of cross-linked with epichlorohydrine, the 
established empirical obtained results of the yield for crab 
chitosan-starch was 55% which is lesser than the conven-
tional shrimp chitosan starch cross-linked formaldehyde 
which was 72%. The scanning electron microscope of crab 
chitosan-starch cross-linked epichlorohydrine under low 
magnification (× 100), has a crystalline structure show-
ing a small blocks of filament which are closely packed 
together. In this case, shrimp chitosan-starch cross-linked 
epichlorohydrine to this magnifications, the microstructure 
possesses tiny stone similar to shape structures with small 
Fig. 9  Scanning electron microscope image and FTIR spectrum of crab and shrimp chitosan-starch cross-linked with s-methylbenzylamine
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and low surface, nevertheless with slightly different parti-
cles sizes without any significant change in homogeneity.
The infrared spectrum of crab chitosan-starch cross-
linked epichlorohydrine (E2) show some similarity to that 
of chitosan from wave number 4000 to 1500 nm and from 
1400 to 400 nm a big variety of difference with relative 
intensities. The representative band of amino group of chi-
tosan is shifted from 1630 to 1606 cm−1, which is an indi-
cation of interaction between the hydroxyl group of starch 
and the amino group of chitosan. The absorption intensity 
of  NH2 group and OH group (peak value from 3200 to 
3700 cm−1) from cross-linked chitosan is obviously lower 
than that of  NH2 group and OH group from chitosan, this 
indicates that, the cross-linked reaction occurred between 
chitosan and epichlorohydrine. Additionally, the reduction 
in the intensities at 1488 cm−1 peak  (NH2 in amino group) 
showed that most of the main amino groups were involved 
in the cross-linked process. It is worth noting in this case 
that, the comparison of the spectrum to that crab chitosan 
beads from shell (E1) shows that, the characteristics peaks 
are located at 3375, represent the OH and NH stretch-
ing. But the absorption bands at 2340 and 2870 cm−1 are 
represented by the  CH2 group stretching vibration while 
the peak located at 1630 cm−1 is an indication of the CO 
stretching of the amide group, the band at 1500 cm−1 cor-
respond to the NH bending vibration in amide group (E1).
The results obtained from the infrared spectrum of shrimp 
chitosan-starch cross-linked epichlorohydrine adsorbent 
(F2) present same similarities to that of shrimp chitosan. 
Nonetheless, with the presence of functional groups of 
epichlorohydrine in chitosan (F1), the same vibrations 
were observed however with different relative intensities. 
The analysis of the obtained results shows in this case that, 
the absorption intensity of  NH2 group and OH group (peak 
3200–3700 cm−1) from cross-linked chitosan (F2) is obvi-
ously lower than that of  NH2 group and OH group from 
chitosan. This interpretation is an indication that the cross-
linked reaction occurred between chitosan and epichloro-
hydrine. Additionally, the reduction in the intensities at 
1488 cm−1 peak  (NH2 in amino group) showed that most of 
the primary amino groups were involved in the cross-linking 
process.
In comparison between the cross-linked shrimp chitosan 
spectrum (F2) and the chitosan beads from shrimp shell 
(F1), a broad and strong band were observed ranging from 
3200 to 3700 cm−1 (stretching vibration of OH and stretch-
ing vibration of NH) while the peak located at 1651 cm−1 
is the representation of CO in amine group. The representa-
tive band of the amino group of chitosan is shifted from 
1651 to 1664 cm−1, this indicates the interaction between the 
hydroxyl group of starch and the amino group of chitosan. 
Finally, the band at 1514 and 1558 cm−1 represent the NH 
bending vibration in amide group (see spectrum F1).
Crab and Shrimp Chitosan Starch (CT-ST) Cross-Linked 
with Acrylic Acid
The results obtained experimentally suggested a percentage 
yield for crab chitosan-starch cross-linked acrylic acid to be 
98% in contrast of the shrimp chitosan starch cross-linked 
glutaraldehyde given only a yield lower than 72%. On one 
hand, the scanning electron microscope of crab chitosan-
starch cross-linked acrylic acid can be seeing in Fig. 6. 
The image was viewed under low magnification (× 100), 
and it was observed that its crystalline structure shows 
various shape of scattered filament that are closely packed 
together. However, on the other hand, for shrimp chitosan-
starch cross-linked acrylic acid under same magnification 
(× 100), the filament display scattered leafy arrangement of 
the globule structure. For the shrimp chitosan-starch cross-
linked acrylic acid at lower magnifications (× 100), it was 
found that, the micro-structure has a fine stone similar to 
the shape structures with large surface, nevertheless, with 
different particles sizes, without any significant change in 
homogeneity.
The results from the analysis of the spectrum of acrylic 
acid cross-linked chitosan (G2) indicated a broad absorp-
tion with peaks ranges from 2973 to 3731 cm−1. This result 
represents the OH bending vibration of the cross-linking 
Table 1  Percentage yield of the cross-linked chitosan products 
obtained from crab and shrimp shells
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agent, acrylic acid. An observation of peaks at 1550 and 
1159 cm−1 are representative of the stretching vibration of 
CO and CO of the carboxylic group. The peak at 1415 cm−1 
is a representation of the OH bending vibration (G2), which 
at the same time suggests successful cross-linking of chi-
tosan and starch.
While comparing the cross-linked chitosan spectrum 
to the normal chitosan beads from crab shell (G1), it 
is noticed that the characteristics peaks observed are 
located at 3375 cm−1 indicating the OH and NH stretch-
ing vibration. Absorption bands at 2340 and 2870 cm−1 
are represented by the  CH2 group stretching vibration. 
The peak located at 1630 cm−1 is an indication of the 
CO stretching of the amide group, the band at 1500 cm−1 
correspond to the NH bending vibration in amide group 
(G2). The results obtained from the analysis of the FTIR 
spectrum for normal shrimp chitosan bead and acrylic 
acid cross-linked chitosan-starch are depicted in Fig. 6. 
From the results presented in Fig. 6, one can see that, 
the acrylic acid cross-linked chitosan broad absorption 
Fig. 10  Scanning electron microscope image and FTIR spectrum of crab and shrimp chitosan-starch cross-linked with p-benzoquinone
Fig. 11  Formation of chitosan-starch cross-linked adsorbent
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with peaks ranges from 2883 to 3588 cm−1, which is the 
representation of the OH bending vibration of the cross-
linking agent called acrylic acid. While the peaks appear-
ing at 1558 and 1151 cm−1 are explaining the stretching 
vibration of CO of the carboxylic group. But the peak 
at 1419 cm−1 is due to the OH bending vibration (see 
spectrum H2). This indicates that the cross-linking reac-
tion between chitosan and starch was successful. From 
the cross-linked of the chitosan spectrum (H2) to the chi-
tosan beads from shrimp shell (H1), a broad and strong 
band was observed from 3200 to 3700 cm−1 because of 
the stretching vibration of OH and stretching vibration of 
NH. The peak located at 1651 cm−1 represents the CO in 
amine group and the band at 1514 and 1558 cm−1 indi-
cates NH bending vibration in amide group (see spectrum 
H1).
Crab and Shrimp Chitosan Ctarch (CT-ST) Cross-Linked 
with 1-Vinyl-2-pyrrolidone
The empirical results of this characterization suggested 
a percentage yield for crab chitosan-starch cross-linked 
1-vinyl-2-pyrrolidone was 53% which for this case is lower 
in comparison to that of shrimp chitosan starch cross-
linked 1-vinyl-2-pyrrolidone which was previously 55%. 
With the corresponding scanning electron microscope 
in the case of crab chitosan-starch cross-linked 1-vinyl-
2-pyrrolidone under low magnification (× 100), a crystal-
line structure shows small tiny filaments which are closely 
packed together. When comparing this case to the shrimp 
chitosan-starch cross-linked 1-vinyl-2-pyrrolidone under 
same magnification, the micro-structure retains tiny and 
large block shape structures with small and low surface 
Fig. 12  Scanning electron microscope image and FTIR spectrum of crab and shrimp chitosan-starch cross-linked with 1,3-dichloroacetone
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with different particles sizes, with significant change in 
homogeneity.
The FT-IR spectrum of chitosan-starch cross-linked 
1-vinyl-2-pyrrolidone (I2) shows strong peaks at 3418 cm−1 
which can be ascribe to as the OH and NH stretching of CO 
(amide) indicating the presence of 1-vinyl-2-pyrrolidone on 
the cross-linked chitosan beads. A change in the intensity at 
1660 cm−1 for stretching of CO (amide1) revealed the pres-
ence of 1-vinyl-2-pyrroliodne on the beads. This suggests 
the cross-linking reaction between chitosan and starch was 
successful. More so, the observed peaks at 1570, 1421,1309, 
1376 and 1261 cm−1 are due to the characteristics of the 
amide II, tertiary amine group and bending of CN and CO 
respectively.
This spectrum differs from that with normal chitosan 
from crab shell (I1) on that it shows a broad peak at 
3375 cm−1 due to the OH and NH stretching vibrations of 
the saccharide structure. The peak at 1630 cm−1 is attrib-
uted to the presence of acetamide group with CO stretch-
ing. The peaks at 1370 and 1515 cm−1 corresponding to 
the CN bond stretching and deformation of the CH. The 
IR spectrum of chitosan-starch OH and NH stretching of 
CO (amide) testified for the presence of 1-vinyl-2-pyrro-
lidone on the cross-linked chitosan beads. A little change 
in intensity at peak 1659 cm−1 for stretching of CO (amide 
I) indicated the presence of 1-vinyl-2-pyrrolidone on the 
beads. Furthermore, peaks at 1421, 1376 and 1260 cm−1 
are observed because of the characteristic of amide II, ter-
tiary amine group and bending of CN bond respectively.
The spectrum for J2 compared with normal chitosan 
from shrimp shell (J1) and the comparative results shows 
a broad peak at 3375 cm−1 because of the OH and NH 
stretching vibrations of the saccharide structure. The 
peak at 1630 cm−1 is attributed to the presence of aceta-
mide group with CO stretching. The peaks at 1370 and 
1515  cm−1 are analogous to the CN bond stretching 
and deformation of the CH and so on. In this case, this 
obtained result is an indication of a successful cross-link-
ing reaction between chitosan and starch.
Fig. 13  Scanning electron microscope image and FTIR spectrum of crab and shrimp chitosan-starch cross-linked maleic anhydride
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Crab and Shrimp Chitosan Starch (CT-ST) Cross-Linked 
with Polyethylene Glycol Dicglycider Ether (PEG Diglycider 
Ether)
The empirical yields for the crab chitosan-starch and shrimp 
chitosan starch cross-linked poly ethylene glycol diglyci-
dyl ether were 58 and 72% respectively. The products were 
viewed under low magnification (× 100) using the scanning 
electron microscope and the images revealed small scattered 
leafy filament which are closely packed together. The shrimp 
chitosan-starch cross-linked poly ethylene glycol diglycidyl 
ether under same magnification showed a micro-structure 
with large and small block shape structures and small and 
low surface with no significant changes in homogeneity.
The infrared stretching frequencies of poly ethylene gly-
col diglycidyl ether crab cross-linked chitosan-starch adsor-
bent (K2) were similar to those of chitosan from 4000 to 
1500 nm but different in the region of 1400–400 nm. The 
band corresponding to the amino group of chitosan was 
shifted from 1660 to 1623 cm−1, an indication of interac-
tion between the hydroxyl group of starch and the amino 
group of chitosan. The absorption intensity of  NH2 group 
and OH group (peak value ranges from 3200 to 3700 cm−1) 
from cross-linked characteristics chitosan is lower than that 
of  NH2 group and OH group from chitosan, which indicates 
cross-linked reaction occurred between chitosan and poly 
ethylene glycol diglycidyl ether. In addition, the reduc-
tion in the intensities at 1488 cm−1 peak  (NH2 in amino 
group) showed that most of the primary amino groups were 
involved in the cross-linked process.
There is a difference between this spectrum (K2) to the 
chitosan beads and that obtained from crab shell (K1) as 
the peaks are located at 3375 cm−1, represent the OH and 
NH stretching. While the absorption bands at 2389 and 
2808 cm−1 are representatives of the  CH2 group stretching 
vibration and that located at 1630 cm−1 is due to the CO 
stretching of the amide group. The band at 1500 cm−1 cor-
respond to the NH bending vibration in amide group (K1).
The infrared spectrum of shrimp chitosan-starch cross-
linked poly ethylene glycol diglycidyl ether adsorbent (L2) 
was compared to that of the normal crab chitosan beads and 
was found to be similar to that of shrimp chitosan beads 
(L1). However, with the presence of functional groups of 
poly ethylene glycol diglycidyl ether in chitosan, the same 
vibrations were observed but with different relative inten-
sities. The absorption intensities of  NH2 and OH groups 
respectively (peak 3283–3485  cm−1) from cross-linked 
chitosan are lower than those of  NH2 and OH group from 
chitosan. This result confirmed the cross-linkage reaction 
between chitosan and poly ethylene glycol diglycidyl ether. 
The reduction in the intensities at 1663 cm−1 peak  (NH2 in 
amino group) showed that most of the primary amino groups 
were involved in the cross-linking process. Comparison of 
the cross-linked chitosan spectrum (L2) with the chitosan 
beads from shrimp shell (L1) shows a broad and strong 
band in the range 3100–3700 cm−1 (stretching vibration of 
OH and stretching vibration of NH) in both spectrums. The 
band in the region of 1535–1575 cm−1 was ascribed to the 
stretching frequency of the NH bending vibration in amide 
group (L1).
Crab and Shrimp Chitosan Starch (CT-ST) Cross-Linked 
with s-Methylbenzylamine
The reaction between crab and shrimp chitosan-starch 
cross-linked with s-methylbenzylamine yielded 59 and 63% 
respectively. The crab and shrimp cross-linked products, 
structure as seen on the scanning electron microscope under 
lower magnifications (× 100) revealed an amorphous spheri-
cal appearance with tiny and large stone like shape structures 
with small and low surface. The s-methylbenzylamine cross-
linked chitosan (M2) shows a broad absorption peaks in the 
range of 2961–3654 cm−1. The peaks appearing at 1559 and 
1156 cm−1 are depictions of the stretching vibration of CO 
of the carboxylic group, while the peak at 1478 cm−1 is due 
to the OH bending vibration which saved as a confirmation 
to a successful cross-linking of chitosan and starch. Char-
acteristics peaks of the normal chitosan beads from crab 
shell (M1), were observed at located at 1630 and 1567 cm−1 
which was ascribed to the CO group and the NH group 
(M2). The s-methylbenzylamine cross-linked chitosan (M2) 
show broad absorption with peaks ranging from 2771 to 
3350 cm−1, representing the OH bending vibration of the 
cross-linking agent (acrylic acid). The peaks appearing at 
1502 and 1055 cm−1 are depiction of the stretching vibra-
tion of CO of the carboxylic group. The characteristic peak 
at 1431 cm−1 for the OH bending vibration (see N2) was a 
confirmation of a cross-linking reaction between chitosan 
and starch. The cross-linked chitosan product (N2) and the 
shrimp chitosan beads from shrimp shell (N1) resulted in a 
broad and strong band ranging from 3200 to 3700 cm−1. The 
stretching frequencies from 1504 to 1580 cm−1 representa-
tions the presents of NH bending vibration in amide group 
(see spectrum N1).
Crab and Shrimp Chitosan Starch (CT-ST) Cross-Linked 
with p-Benzoquinone
Cross-linked crab and shrimp chitosan-starch with p-ben-
zoquinone yielded 62 and 59%. The crab cross-linked 
product under lower magnification (× 100) showed to be 
composed of tiny blocks structure slightly space out whilst 
the shrimp cross-linked product, at same magnification 
showed micro-fibrillar structures which also were slightly 
space out. The infrared spectrum of crab chitosan-starch 
cross-linked benzoquinone adsorbent (O2) was similar to 
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that of chitosan bead from crab shell (O1) which showed 
similar stretching frequencies but different relative intensi-
ties. The absorption intensity of  NH2 group and OH group 
from cross-linked chitosan (O2) was visible in the range 
3200–3700 cm−1 and were weaker than  NH2 group and 
OH group of normal chitosan from crab shell (O1), which 
indicated a successful reaction. The reduction in the inten-
sities at 1488 cm−1 peak  (NH2 in amino group) showed 
that most of the primary amino groups were involved in 
the cross-linking process. The spectrum (P2) has a broad 
and strong band that was observed ranging in the region of 
3200–3700 cm−1 (stretching vibration of OH and stretching 
vibration of NH) compared to the spectrum of (P1). The 
characteristic peak shown in the region of 1651 cm−1 of the 
same spectrum confirmed the presence of CO in carboxylic 
group. The shift in the stretching frequencies in spectrum P2 
from 1651 to 1618 cm−1 suggested the interaction between 
the hydroxyl group of starch and the amino group of chi-
tosan. The presence of the peak in the region of 1575 cm−1 
revealed the represents of NH bending vibration in amide 
group (see spectrum P1).
Crab and Shrimp Chitosan Starch (CT-ST) Cross-Linked 
with 1,3-Dichloroacetone
The crab chitosan starch and the shrimp chitosan starch 
cross-linked with 1,3 dichloroacetone yield 71 and 92% 
respectively. Scanning electron microscope for crab chi-
tosan starch cross-linked with 1,3 dichloroacetone under 
low magnification (× 100) revealed scattered tiny pieces 
of filaments packed close to one another whilst particles 
of shrimp chitosan starch cross-linked with 1,3 dichloro-
acetone under same magnification, appeared micro-fibril-
lar in structure. Both products showed some similarity of 
wave number 4000–1500 nm and from 1400 to 400 nm a 
big variety of difference with relative intensities. The pres-
ence of the amino group in the spectrum R2 was clearly 
visible in range 1630–1659 cm−1. The weaker absorption 
intensity of  NH2 group and OH group in R2 (peak value 
from 3200 to 3700 cm−1) compared to R1 further confirmed 
the cross-linked reaction occurred between chitosan and 
1,3-dichloroacetone.
The differences between the obtained spectrum of crab 
cross-linked chitosan-starch (Q2) and the chitosan beads 
from crab shell (Q1) can be listed as: The characteristics 
peaks at 3375 cm−1 represent the OH and NH stretching. 
The absorption bands at 2340 and 2870 cm−1 depicted 
the  CH2 group stretching vibration. The peak located at 
1630 cm−1 represent the CO stretching of the amide group 
while the band at 1500 cm−1 corresponds to the NH bend-
ing vibration in amide group (Q1). The infrared spectrum 
of shrimp chitosan-starch cross-linked 1,3-dicloroacetone 
(Q2) revealed similar stretching frequencies in the region 
of 3200–3700 cm−1. The NH group peak was visible in the 
region of 1488 cm−1 which was consistent with the previ-
ous results and saved as confirmation of the cross-linked 
product.
Crab and Shrimp Chitosan Starch (CT-ST) Cross-Linked 
with Maleic Anhydride
The crab and the shrimp chitosan starch which was cross-
linked with maleic anhydride yielded 30 and 26% respec-
tively. The scanning electron microscope analysis of crab 
chitosan-starch cross-linked maleic anhydride under low 
magnification (× 100) revealed a crystalline structure which 
showed a large compact blocks of granule which were adja-
cent to each other whilst shrimp chitosan-starch cross-linked 
maleic anhydride under same magnification showed large 
blocks of granular particles which appeared microfibril-
lar in under same magnification (× 100). The character-
istic stretching frequencies  (NH2 and OH groups) of the 
cross-linked products (S2) were observed in the region of 
3200–3700 cm−1. The strong peak observed in the region of 
1714 cm−1 in the crab chitosan-starch cross-linked maleic 
anhydride spectrum was ascribed to the carboxyl stretch-
ing vibration of the carboxylic acid. Absorption bands in 
the region of 2340–2870 cm−1 for the crab chitosan-starch 
cross-linked maleic anhydride spectrum correspond to the 
stretching frequencies of  CH2 group whilst the peaks (S1) 
in the region of 1630 cm−1 and 1500 cm−1 were ascribed to 
the CO and NH groups. IR characterization of the shrimp 
chitosan-starch cross-linked maleic anhydride (T2) showed 
similar stretching frequencies of the  NH2 and OH groups in 
the region of 3200–3700 cm−1. The CO peak was observed 
at 1641 cm−1 slightly different from the shrimp (T1) product. 
The peaks located at 1714 and 1651 cm−1 represents the CO 
in amine group while the band at 1514 and 1558 cm−1 occur 
as a result of the NH bending vibration in amide group (see 
spectrum T1).
Conclusion
Synthesis of chitosan crab and shrimp chitosan bead and 
a variety of cross-linked polymers across the boundary 
was performed. Successful conversion of the chitin to chi-
tosan was achieved through cross-linkage with glutaralde-
hyde, formaldehyde, epichlorohydrine, maleic anhydride, 
p- benzoquinone, poly (ethylene) glycol diglycidyl ether 
(PEG diglycidyl ether), 1-vinyl-2-pyrrolidone, 1,3-dichlo-
roaceone, acrylic acid and s-methyl-benzylamine to form 
cross-linked chitosan products. Satisfactory percentage 
high yields were obtained from crab and shrimp chitosan 
crab (98–88%), followed by crab and shrimp cross-linked 
glutaraldehyde (98–72%) whilst lower yields were obtained 
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from crab and shrimp chitosan starch cross-linked maleic 
anhydride (26–30%). Characterization of these cross-liked 
chitosan products was performed using FTIR and SEM. The 
FTIR results of the isolated cross-linked chitosan products 
showed a good correlation of the stretching frequencies to 
those cited in literature which confirmed the presence of a 
product. Analysis using SEM spectroscopy revealed differ-
ent to observe the microstructure and homogeneity of the 
products.
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